Ode To Luther Gulick: Span of Control And Organizational Performance
In the early part of the 20 th century, management scholars argued that the structural attributes of bureaucratic organizations played a major role in conditioning organizational performance. The administrative management movement was at the forefront in calling attention to the importance of structure as a determinant of organizational performance. Advocates of this approach--Henri Fayol, Lydal Urwick, and Luther GulickBbelieved that adherence to a core set of management principles would help organizations achieve optimum performance in working toward their goals. The principle of division of labor, for example, allows workers to develop expertise in performing particular tasks. In contrast, charging employees with a wide variety of unrelated duties inhibits the development of expertise. 1 The principle of unity of command cautions against directives coming from too many superiors because conflicting signals could arise and lead to confusion among employees. A third principle, span of control, dictates that superiors should oversee a limited number of subordinates rather than a large number of subordinates. Monitoring and mentoring the work of subordinates is a less daunting task when the number of subordinates is small but becomes more difficult when superiors are charged with overseeing a large number of individuals.
Management scholars claimed that the implementation of these and related principles would result in organizations characterized by an almost mechanical efficiency, where relations between superiors and subordinates are clearly defined, workers specialize in particular areas and have clearly defined roles within organizational hierarchies, and organizational resources are used in the most efficient manner possible. Although the principles of management were viewed by some as intuitively appealing guidelines for how to manage organizations, critics of the approach soon pointed out the weaknesses inherent in these management principles.
In a classic article titled AThe Proverbs of Administration,@ Herbert Simon (1946) presented a thorough critique of the principles of management approach (see also Waldo 1948 ).
According to Simon, the principles of management were vague and plagued by contradictions.
With regard to the principle of specialization, for example, Simon pointed to the vagueness and ambiguities involved in applying this principle in a real-world setting. Specialization might be defined by place or location, with one employee addressing multiple tasks in a particular organizational unit. Conversely, specialization could be defined in terms of function, where individual employees in a particular organizational unit each concentrate their energies on performing one specific task. Regarding unity of command, Simon argued that this principle contradicts the principle of specialization. Specialization allows employees to develop expertise in particular subject areas, yet if these employees are subject to directives from superiors in other parts of the organization who have no expertise in these areas, the benefits of specialization may be squandered. In short, Simon argued that for each principle of management, contradictory principles existed that made just as much, if not more, sense as guidelines for how to manage organizations. Simon=s critique was viewed as devastating, and the principles of management school of thought quickly fell out of favor to be replaced by a research focus on the decisionmaking processes of individuals in organizations.
Our purpose in this research is to reintroduce a key principle of management, span of control, to the study of public administration. Span of control, associated most closely with
Luther Gulick (1937) , has a straightforward logic; individuals in management positions should oversee a relatively small number of subordinates. Urwick (1956) , in fact, claimed six was the maximum. As the number of subordinates under an executive's control increases, monitoring the behavior of subordinates becomes more difficult. Herbert Simon (1946) criticized this logic,
claiming that a case could be made for adopting a contradictory principle of management. If the span of control is limited and executives oversee a relatively small numbers of subordinates, the number of levels within an organization's hierarchy will increase. As the number of levels within an organization increases, the amount of red tape moving across different organizational levels also tends to increase. To avoid this problem, Simon suggested that organizations be designed with few organizational levels--a principle directly opposite to that implied by adherence to narrow spans of control in structuring relations between executives and subordinates.
Scholars of public administration uncritically accepted the arguments in Simon=s work.
Attempts at proving or disproving the worth of the principles of management quickly faded as public administration shifted away from examining the structural attributes of organizations and toward the study of organizational behavior, as suggested by Simon (Hammond 1990 ). With the principle of span of control, for example, there was no systematic evidence about the effects of variations in span of control on organizational performance at the time Simon leveled his famous critique. As Hammond (1990, 160) Under Theory X, spans of control should be very narrow because executives cannot trust their employees. Under Theory Y, spans of control should be loose so as to encourage employees to achieve their fullest potential by working independently and taking on new responsibilities.
Spans of control are also related to the principal-agent problem in organizations (see Brehm and Gates 1997) . Narrow spans of control increase supervision and thus make shirking less likely. In situations where principals (supervisors) and agents (subordinants) have similar goals (Kaufman 1960) , spans of control can be expanded with little increase in shirking.
Spans of control are also relevant to individual responsibility in an organization and perhaps to theories of ethics as well. With narrow spans of control, supervision can be close, thus not permitting the individual employee to develop responsibility for his or her actions. Similarly, the importance of organizational ethics (Frederickson 1996; Wamsley et al. 1992 ) increases when spans of control increase and the organization cedes discretion to its members. Thus, increasing our understanding of how variations in spans of control affect organizational performance has implications for how management-employee relations could be structured.
A Theory of Span of Control
What is the appropriate span of control for optimizing organizational performance? We know little about this question primarily because rules of thumb, rather than sound theory have long served as the only foundation for answering this question. Gulick=s (1937) essay only discusses examples of Aappropriate@ spans of control as suggested by those studying cabinets in Great Britain and France. One observer claims that executives should be charged with overseeing no more than six individuals, another suggests that ten to twelve is an acceptable range, while yet another points to five as the upper limit under which executives can effectively exercise their authority. Woodward=s (1980) study supports the hypothesis that spans of control vary across production, mass production, and process firms. Woodward=s findings, however, are specific to the three categories of industrial firms examined in her work and do not furnish a general theory about how variations in spans of control affect organizational performance.
The approach of these past efforts has been to study organizations empirically and then present assertions about how the principle of span of control should be applied to enhance organizational performance. The potential bias that comes with studying only a limited number of contextual settings (e.g., cabinets, industrial firms) and making generalizations about spans of control only after data have been collected is problematic from a theory building standpoint. Our approach is to develop a theory of span of control that is not explicitly linked to any one particular organizational setting but rather provides a general statement about the relationship between span of control and organizational performance. We then test our theory by studying spans of control among organizational personnel in Texas public schools, examining how relationships between leaders and their subordinates shape organizational performance.
The relationship between span of control and performance for any given organization should have two key characteristics. Generally as spans of control increase, there should be an increase in performance as the organization gains a higher percentage of production workers relative to control (supervisory) workers, ceteris paribus. Performance gains as the result of increases in the span of control, however, should be subject to diminishing marginal returns. At even higher spans of control, perhaps at levels well beyond normal for an organization, the addition of each additional subordinate might well reduce overall performance as the absence of coordination, management, and supervision results in the organization moving toward entropy (Williamson 1990 ). This suggests that the general relationship between performance and span of control might be best described as a quadratic similar to that in figure 1.
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[ Figure 1 About Here]
Any quadratic relating production (Y) to span of control (X) within a given set of organizations can be defined by three key parameters as denoted in the following equation:
where,
" is the highest value that Y can attain, that is maximum output, $ is the value of X (Span) where output is maximized, and
( is a constant that adjusts the curve to be either narrower or wider (see Appendix A).
The theoretical result presented here needs to be modified for application to real As costs become a consideration, the portion of the curve that is relevant moves even further to the left of the graph. This implies that for most organizations the curve can be approximated relatively well by a linear estimate of that part of the curve between points A and B.
The second alteration of the theoretical curve is that organizations will differ on a variety of factors that determine where $ is for each organization. Organizations with better leadership or more investment in technology could well tolerate larger spans of control than organizations without these advantages. 4 This implies that the optimal span of control can be estimated for a given set of organizations, but that some organizations will be able to accommodate somewhat larger spans of control without suffering ill-effects.
Two substantive qualifications should be added to this theoretical discussion. First, span of control is a manipulable variable. That is, organizations can alter their span of control and, if the costs are consistent with the organization's mission, could increase spans of control to improve overall production. Second, span of control is only one factor among many that affects production. It is unlikely to be as important as the quality of inputs, the technology applied to the problem, the commitment of organizational employees, or a variety of other factors in the organization; that is, its impact will not be massive. This does not mean its impact is unimportant. Organizations are open systems (Rainey 1997) , and the other factors affecting production may be beyond their control.
Methods
To what extent are span of control relationships influential in shaping organizational performance? The remainder of the paper examines this question using data on 678 school districts in Texas with enrollments over 500 students. The data cover the years 1994 to 1997 and were pooled for a total of 2712 cases over the time frame of the study. Schools are ideal organizations for examining how variations in spans of control affect relationships among organizational personnel. Schools, and school districts more generally, are highly professionalized hierarchical structures. Working relationships exist between teachers and school administrators, campus administrators and administrators at the district level, and teachers and students. Variations in spans of control can affect how each of these relationships are structured, and such variations ultimately have implications for how schools perform in educating students. 5 Pooling the data set provides additional leverage because it permits the determination of how changes in spans of control for a given organization affect performance for that organization.
A second reason for examining schools is they provide a homogenous sampling frame for studying how span of control relationships affect organizational performance. Woodward=s (1980) study examined a diverse grouping of over 200 industrial firms in Britain. Casting a wide net over different types of firms makes any firm conclusions about how span of control affects any one particular type of organization difficult. An alternative strategy is to study a set of organizations that all perform the same function. Put another way, Woodward revealed that spans of control vary across organizations that have different modes of production. Our goal in this research is to determine what the optimal span of control is for a set of organizations that all use the same modes of production to achieve the same goal (i.e., educating students). In this sense, our work is complementary to Woodward=s and extends an important hypothesis about span of control from her research.
Our strategy of analysis was to estimate an organization production function whereby all factors known to influence outputs are used in a regression to predict performance. Outputs in this case are defined as average district pass rates on standardized skills comprehension exams.
To this model of performance, we will add several span of control variables also hypothesized to affect student performance. We will investigate both linear and nonlinear relationships and attempt to estimate optimal spans of control for these agencies (see figure 1 ). In addition, we will examine high performing districts to see if the impact of spans of control is different in these districts from the impact in districts that perform less well.
The pooled nature of the data require one additional adjustment. Autocorrelation is often a problem in pooled data. Accordingly, all models included a set of three dummy variables representing individual years to control for serial autocorrelation.
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Dependent Variable
We hypothesize that spans of control among actors in educational bureaucracies significantly affect organizational performance. Our measure of organizational performance is the percentage of students in each school district who pass standardized reading and mathematics tests each year. While tests such as these clearly do not measure the entire student learning experience, they do assess whether students are picking up basic academic skills from grade to grade. At a minimum, schools should be expected to produce students who have at least basic reading and math skills, and pass rates on these exams serve as good indicators of how schools perform in furnishing students with these skills.
Independent Variables, Controls
Organizational performance should be a function of the inputs organizations receive, the resources they apply to the process, the quality of technology applied to the process, and organizational leadership (Rainey 1997; Wolf 1997 ; but see Kaufman 1981) . We have measures for both the inputs the organizations receive and the resources that they apply to the process.
Since these organizations all perform the same function (and since we limit the study to those over a certain size), we can assume the technology used is relatively similar. Leadership will not be measured, but we will try to tease out its impact by focusing on organizations that outperform their production function (see below).
Inputs to these organizations means students, and the makeup of student populations varies widely across school districts in Texas. Urban school districts tend to have larger numbers of African-American, Latino, and low-income students than suburban school districts. Each of these types of students is likely to have learning disadvantages. Minority students come from disadvantaged circumstances and generally score lower on standardized tests than Anglo students (Rong and Grant 1992; Jencks and Phillips 1998) . The probability of low-income students having difficulties performing well on standardized tests is also high (Coleman 1966) . Three variables were used to control for district student makeup: percentage African-American,
percentage Latino, and percentage low-income students per district. The variable for percent low-income students was defined as the percentage of students eligible for free or reduced price meals through school lunch programs. All relationships with performance should be negative.
Resources are divided into two categoriesBmoney and experience. While the relationship of money to educational performance is controversial (Hanushek 1986 (Hanushek , 1996 Hedges and Greenwald 1996) , financial resources do provide organizations with more opportunities to deal with a turbulent environment and should be linked to production. Our two measures of resources are the average teacher salary and per student spending on education. The former recognizes that education systems are personnel intensive organizations; some scholars argue that teacher salaries indicate how well school systems can compete in the market for scarce skills (Hanushek and Pace 1995) . Per student instructional costs are a reasonable measure of resources applied to actually educating students because they do not include administrative expenses and extracurricular activities. Teacher experience should be linked to learning on the job and the ability to perform at higher levels. Our measure is the average number of years of teacher experience for the district. All three measures should be positively related to organizational performance.
Span of Control Variables
Span of control, in general terms, can be viewed as a set of ratios that link sets of leaders and subordinates. Mintzberg=s (1979) with a range of .2 to 11.3. 7 Similar to the administrator-teacher span, the midlevel management span should also be limited by concerns of efficiency and thus well approximated by the linear part of our theoretical span of control curve.
Third, class size can also be viewed as a span of control measure in a school. Class size is essentially a surrogate for the number of students a teacher must supervise and instruct. For these organizations the mean student teacher ratio is 14.5 with a range from 8.9 to 19.1. 8 Class size is a somewhat different type of span of control measure because larger spans may actually reduce student performance and thus the relationship should be negative. At the same time, class size reductions are expensive, and schools with limited resources could well be forced by political realities to have classes larger than optimal (Weglinsky 1997). This logic suggests that environmental constraints force organizations to operate on the full range of the span of control curve, and that the class size relationship should be nonlinear (or from points A to C in figure 1 ).
Fourth, schools are relatively flat organizations so that spans of control quickly translate into a given size for the organization (see Mintzberg 1979: chapter 8) . The education literature has consistently found that smaller schools have a positive impact on students, an impact attributed to the informal relationships between students, teachers and administrators that occur in smaller organizations (Betts 1995) . The negative relationship between school size and performance, however, is one that is likely to be affected by other incentives to increase the size of schools. A larger school with more students permits schools to compete more favorably with other schools in athletic and academic competitions. The size of the school is probably also reflected in higher salaries for administrators. These incentives suggest that school size would operate on the full range of the span of control graph and thus be a nonlinear relationship (or from points A to C in figure 1 ). In our data set, the average school size is 459 with a range of 102 to 1148 students.
Findings
Our theory of span of control suggests that spans should operate on the linear part of the curve (that is, between points A and B in figure 1 ) unless there are incentives to increase spans for other reasons than organizational performance. Two spans of control are likely to be affected by such incentives--class size and school size. To determine if the relationships for the various spans of control are nonlinear, squared terms were included in the base model. Those results appear in Table 1 . A glance at Table 1 clearly indicates, as expected, that the relationships for the teacher-administrator span and the midlevel span are not nonlinear, so these terms were dropped, and the reduced model appears in Table 2 .
[ Tables 1 & 2 About Here] Not only is the nonlinear relationship for the two span of control measures (class size and school size) interesting in terms of theory, the relationships have practical applications. One can take the partial first derivative of these equations with respect to performance and set this value equal to zero. Solving that equation for the span of control will tell us the Aoptimal@ span of control. By optimal span of control, we mean the largest span of control that positively affects output without considering cost factors. These calculations show that the optimal student to teacher ratio is 18.0 and the optimal school size is 649. On average and all other things being equal, these figures suggest that student to teacher ratios will have positive effects on organizational performance up to 18 but actually reduce overall outputs at levels above that. A similar conclusion is possible in regard to school size. For the teacher-administrator ratio and the midmanagement ratio, the relationships are positiveBsuggesting that output can be increased by widening the span of control.
The results in Table 2 apply to these organizations on average. An organization with better management or some other advantage might well be able to push its spans of control larger than an organization that lacks these qualities. One way to illustrate the differences across types of organizations is through the use of Substantively Weighted Analytical Techniques (SWAT).
SWAT is an approach introduced by Meier and Keiser (1996) to merge sensitivity analysis with traditional multiple regression. The idea behind the technique is that multiple regression generalizes to the average case. Meier and Keiser (1996) argue that public managers are often more interested in above average cases since these can be used as role models to improve performance. The SWAT methodology takes organizations that score well above the regression line (or below depending on the situation) and weights these cases more heavily than the remaining cases. The difference between this weighted regression and the regular regression, according to Meier and Keiser (1996) , shows how high performing organizations use their inputs in comparison to "average" agencies. SWAT techniques (see Appendix B) have been applied in a variety of situations to different types of organizations (see Waller 1997; Smith 1998; Gill 1997; Meier, Gill and Waller 2000; Meier, Wrinkle and Polinard 1999a; 1999b) .
To compare how span of control affects different types of agencies, we designate those organizations that produce student test scores much higher than the production function in table 2 predicts (more than 1.0 standard deviations above the regression line) as good or high performing organizations. Similar organizations that produce much lower test scores than would be expected given inputs, resources, and spans of control (more than 1.0 standard deviations below the regression line) are designated as low performing organizations. The SWAT technique of substantively weighted least squares was used to generate slope estimates for the production function variables. In the process of conducting the analysis, two additional relationships were discovered. For the low performing organizations, the administrative-teacher span and the midlevel management span became nonlinear. Unlike the average agencies and the good agencies, therefore, low performing agencies have reached, and some go beyond the points of diminishing returns on the two internal spans of control. Incorporating that factor into the estimates, we get the span of control slopes that are found in Table 3 .
[ Table 3 About Here]
Since nonlinear relationships are more difficult to interpret, we will consider the linear relationships first. and low performing districts is that they get far more performance out of class size reductions, about one-third more than average districts and nearly four-fifths more than the low performing districts.
[ and slightly larger than in the low performing districts (about 3 percent). The other interesting finding about the slopes at average spans of control is that for low performing agencies, the midlevel span of control slope has already turned negative. At a span of control of 2.4, low performing organizations have already exhausted the benefits they can obtain from increasing the span of control and are facing negative impacts. This compares unfavorably to the good districts where the relationship remains positive and linear. One possibility that must be considered is that low performing districts are low performing as a result of poor midlevel management. The inability to handle spans of control as small as 2.4 raises concerns about the quality of management. Table 4 also reports the optimal class size and school size values for each type of district assuming that cost considerations do not matter (an unrealistic assumption but the results would be similar at lower levels where costs might suggest an optimum point). Good school systems quite clearly can operate with larger class sizes than either average districts or poor performing districts (the school size optimums do not provide such clear findings). Why might this be so?
Virtually any variable not included in the model might enable an organization to operate with larger spans of control. Although we are speculating, we think that management leadership/ability is likely to be a key factor in stretching the optimal span of control. Note again that low performing districts have an optimum level because the relationship is nonlinear for these variables for administrative-teacher spans and midlevel management spans. Neither average districts nor good districts appear to be constrained by a maximum on these dimensions.
Conclusion
This research argued that valuable management information could be garnered by returning to some long abandoned structural concepts in public administration. To illustrate this process, we examined the impact of spans of control on organizational performance. Such studies are possible and likely to be useful when comparing organizations that perform similar functions so that relative performance can be linked to structural factors. A theoretical model of spans of control was presented suggesting a nonlinear relationship of a specified form.
Pragmatic concerns in individual organizations might limit the range of relationships that are possible, however, and thus in some cases relationships can be adequately estimated with linear techniques.
The study found that four different measures of spans of control were related to performance in school systems. In two cases, the incentives to go beyond normal operating spans of control were present, and nonlinear relationships were identified. The impact of spans of control was not large in comparison to factors such as resources or organizational inputs, but spans of control did have statistically significant impacts on performance. In times when public sector organizations are increasingly asked to justify their performance, even modest gains are well worth exploiting.
Discovering different optimal spans of control at different levels in the organization suggests some additional theoretical relationships in regard to span of control. Compared to contemporary organizations, those in Gulick=s time faced far less complexity and much less dynamic environments. Superiors, at that time, probably had more authoritative knowledge relative to subordinants and did not need to vest the discretion in subordinants that is needed in dynamic situations where knowledge is crucial.
We can speculate that differences in knowledge permit or perhaps require the use of larger spans of control. Students are heavily dependent on teachers for instruction; this is not a relationship among peers. A relatively large span of control (e.g., 15+), therefore, is possible, but the size is subject to limits. In such a circumstance, smaller spans of control permit greater individual instruction and thus higher levels of output.
In the relationship between teachers and administrators, the knowledge advantage is with the teacher. Teachers have authority and autonomy over their own classrooms with little direct supervision. Principals ideally are facilitators rather than managers. In such circumstances, larger spans of control are not only possible but there may be no practical upper limit.
The relationship between central administrators and campus administrators, in contrast, links two functions that are very similar. Neither type of administrator has a technological or knowledge advantage; interactions are likely occur on those aspects of the job that cannot be routinized. Spans of control in such circumstances are likely to be smaller. In good organizations, there are unlikely to be practical limits to increasing this span of control if superiors are willing to delegate. In poor organizations, an upper limit on spans is quite likely.
This theoretical speculation based on our findings suggest that both Gulick and Simon were right, and also wrong. Simon is correct that there was no single correct span of control; it varies at different levels of the organization and in different organizations. Gulick is also correct that smaller spans of control are better when the superior has information and skills advantages over the subordinants. Small spans of control facilitate the mentoring and teaching process.
This study only examined one type of organizations, school districts. It limited its scope so that comparable models could be generated and thus the impact of structure isolated. School districts are highly professionalized organizations that generally permit employees to operate with a great deal of discretion. The findings here are most likely to apply to similar organizations. While we have speculated on relationships for other types of organization, a full assessment of the role of structures on organizational performance, however, requires that this study be replicated for other types of organizations. When that is accomplished, theoretical progress should be rapid simply because such studies would permit generalizations about when, how much, and in what types of organizations that structural factors matter.
Appendix A
Any quadratic equation relating productivity (Y) to span of control (X) within a given set of organization can be defined by three key parameters as denoted in the following equation:
" is the highest value that Y can attain, that is maximum productivity, $ is the value of X (Span) where output is maximized, and
( is a constant that adjusts the curve to be either narrower or wider.
The slope of the quadratic at any point on the curve can be represented by a tangent to the curve at that point. The point where the slope shifts from being positive to negative (that is where the slope is equal to 0) will correspond to the maximum point on the curve or ($, "). This can be demonstrated by expanding the quadratic term in the equation:
Then one takes the first derivative of Y with respect to X to determine the slope at any point on the curve:
Setting the first derivative equal to 0, shows that the slope of the quadratic is zero when
The slope is equal to zero at $, substituting this value into the original equation for X, shows that when X equals $, Y equals ". No other value of X will produce a higher value of Y. In substantive terms, this means that a span of control of $ will generate the maximum amount of production or ".
Appendix B. A Primer on SWAT
SWAT is a family of techniques that use information contained in regression residuals to gain additional information about organizations and policies. We use the elementary form of SWAT in this analysis: SRLS (Substantively Weighted Least Squares). SRLS is based on simple weighted multivariate linear regression which is run 10 consecutive times on the same data, although users are free to vary this parameter. The first iteration weights all data points equal to one (i.e. unweighted OLS regression), followed by regressions that consecutively down-weight by 0.1 each case whose jackknifed residual is less than 1.00 (or one standard deviation above the regression line). The ith jackknifed residual (also called an externally studentized residual) is the normal residual weighted inversely proportional to the estimate of the regression standard error leaving out the ith case. The idea is to measure the influence of one particular case on the OLS calculations. Virtually any statistical software package can perform weighted least squares and thus SWAT.
After 10 iterations high performing cases will have weights at 1.0 and the other cases will have weights at 0.1. At this point, variables whose regression coefficients are found to be different from OLS slopes are identified as indicating those factors which have a different effect on higher performing cases (these coefficients appear in table 3). SWAT, therefore, identifies cases that perform well above expectation (high jackknifed residuals) given their allotted resources not just high performers due to resource richness. A similar process is used for the poor performing districts.
All data, documentation for this study can be obtained from the authors; software to run SWAT can be downloaded www.calpoly.edu/~jgill/ Optimal Administrative Span --------21.4
Optimal Midlevel Span --------1.1 ______________________________________________________________________________ 1.Division of labor is also likely to affect motivation. On the one hand, less division permits some job enrichment/enlargement which could be positively correlated with higher morale. On the other hand, less division might make the manager=s job too difficult and actually reduce morale.
2.The actual distribution might be anyone of a family of single peaked distributions. The weakness of the quadratic is that it is symmetrical. The advantage of the quadratic is that it is the most tractable and the easiest to estimate. The precise nature of the nonlinear curve is a subject for future research.
3.This statement implies that optimal performance is relative to the organization and its
function. An organization that collects trash, for example, will likely put more stress on efficiency rather than maximum production compared to a rape crisis center simply because the risk of failure is greater in the second organization. Highly redundant organizations are created when the costs of failure are high. This reflects a value judgement that efficiency is less important than the level of production.
4.This factor becomes even more important in comparing organizations that perform different functions. Woodward (1980) finds that different production processes are associated with different structural forms (and thus spans of control).
5.The selection of Texas Schools should not affect the results a great deal since Texas is a diverse state with a large number of districts. The patterns here should be relatively similar to those in other states with a large and diverse population. statistical threat to panel analysis is heteroscedasticity (Stimson 1985) . The panel contained a modest amount of heteroscedasticity but this problem was not severe and did not affect the results of the analysis.
7.Spans of control can be fractional because districts report personnel figures in full time equivalents. In this case, a full time superintendent might be supervising a part time principal.
8.The student teacher ratio will be significantly smaller than actual class sizes since an individual teacher will not teach every hour that students attend classes. Other teachers only interact with small numbers of distinct students (e.g., special education teachers). The current measure is an overall mean of the mean class size in districts so the range is for district means not actual class sizes. Texas by comparison is among the leaders in small class sizes.
